Abstract. The high resolution spectra of hydrogen-deficient binary υ Sgr are analyzed. The atmospheric parameters are T eff = 12300±200 K, log g = 2.5±0.5 and ξ t = 5 − 15 km s 
INTRODUCTION
The evolved system υ Sgr is the brightest member (V = 4.58) of the small group of hydrogen deficient binaries (HdB stars). Only four stars of the group were known until recently (υ Sgr, KS Per, LSS 1922 and LSS 4300) (Dudley & Jeffery 1993) . The fifth member of the group, BI Lyn, was found and studied by Jeffery and Aznar Cuadrado (2001) . The binarity of υ Sgr has been long known (Gaposchkin 1945) . The spectrum is single-lined in optical wavelengths but the high-resolution ultraviolet spectra are double-lined (Dudley & Jeffery 1990) .
The primary components of HdBs are hydrogen-poor low-gravity A-F stars transferring matter to their secondaries. The high luminosity is provided by their helium-burning shell around a CO core. The nature of more massive but less luminous secondaries is unclear since their spectra can be detected only in the far UV spectral region. The hydrogen-deficiency of HdBs is believed to be due to case BB mass transfer in a binary system where the primary loses mass for a second time as it evolves through helium burning in the shell (Delgado & Thomas 1981; Shönberner & Drilling 1983) . υ Sgr is the first one for which the spectra of both components were observed by Dudley & Jeffery (1990) who deconvolved the IUE 115-320 nm spectra. They determined the orbits, mass ratio and the minimum mass for the primary. Their results of the minimum mass indicate that υ Sgr could be a progenitor of SN Ib.
Some years ago we analyzed another star of this group, KS Per (Kipper & Klochkova 2008) . In the present work we use the new high resolution spectra to study υ Sgr.
SPECTRAL OBSERVATIONS AND REDUCTION
Our high resolution spectra (R = 45 000) were obtained with the Nasmyth Echelle Spectrograph NES (Panchuk et al. 2009 ) permanently located at the Nasmyth focus of the 6 meter telescope of the Special Astrophysical Observatory. The spectrograph is equipped with an image slicer (Panchuk et al. 2009) . A CCD camera with 2048 × 2048 pixels (15 × 15 µm, readout noise 7e − ) produced by the Copenhagen University Observatory was used as a detector. During our last observing set (2011 September) we used a new camera with a detector EEV CCD 42-90 with 4600 × 2048 pixels (13.5 × 13.5µm, readout noise 4e − ) produced by the Laboratory of Advanced Design of the Special Astrohysical Observatory. The spectra were reduced using the NOAO astronomical data analysis facility IRAF. The use of image slicer results in three parallel strips of spectra in each order. These strips are wavelength shifted. Therefore all strips were reduced separately, linearized in the wavelengths and coadded. We checked the accuracy of this procedure (Kipper & Klochkova 2005) and found that the wavelengths of the terrestial lines in the stellar spectrum are reproduced within a few 0.001Å.
Also the spectra from the NARVAL database (http://tblegacy.bagn.obsmip. fr/narval.html) were used. NARVAL is a new generation stellar spectropolarimeter copied from 'ESPaDOnS' and adapted to the specifics of the 2 m telescope Bernard Lyot atop Pic du Midi (Donati 2007) . NARVAL is in operation since 2006 December. Alltogether 15 spectra obtained in 2008 June were used. The spectra cover the wavelength region 360-1048 nm, have a resolution of about R = 65 000 and the signal to noise ratio S/N from 500 to 2000. For line identification the Kentucky University database (van Hoof 1999) and SpectroWEB (Lobel 2010) were used.
ANALYSIS

Model atmospheres
Early estimates of the chemical composition of υ Sgr by Greenstein (1940) have shown that the atmosphere is hydrogen deficient, with n(H)/n(He) ≈ 0.01. Scönberner & Drilling (1983) compared the Hγ profile with the predicted by Wallerstein et al. (1967) hydrogen-deficient synthetic profiles and found n(H)/n(He) < 0.0005, similarily to the another HdB star KS Per. Dudley & Jeffery (1993) found from the fine analysis n H = 0.0002. They also report that the nitrogen abundance n N = 0.002 is much higher than the carbon abundance n C = 0.00007. A very low hydrogen content, n(H)/n(He) = 0.0005, was confirmed by Leushin (2001) .
Hydrogen-deficient atmospheric models were computed at the Armagh Observatory using the STERNE code ). These models take into account both hydrogen deficiency and metal-line blanketing. For the present analysis, the He+N model grid h00he99n003 was chosen from the Armagh Observatory database (http://star.arm.ac.uk). During the attempt of forcing the ionization equilibrium for iron, we encountered the need for higher gravity models than those presented in the chosen grid. Therefore some models from the He+C grid h00he99c001 were also used. For log g = 2.0 the comparison of the temperature distributions showed no notable differences. This is expected since neither carbon nor nitrogen are important opacity agents in these atmospheres.
Atmospheric parameters
Spectral type of υ Sgr according to SIMBAD database is somewhere between F2p and A2Ia. For normal stars this would correspond to T eff = 6000-11000 K and log g = 2.0. In the case, when the lines are strongly enhanced by low opacity, the spectral type cannot be used to infer the effective temperature or absolute magnitude with good accuracy (Danziger et al. 1967) .
The early estimates of T eff = 10000 K and log g = 2 have been done by Greenstein (1940) . Drilling et al. (1984) modeled a total flux from the star using broad-band IUE and ground-based photometry and estimated T eff = 10500 K. Dudley & Jeffery (1993) analyzed all four hydrogen-deficient binaries modeling their flux distribution. The model atmospheres were calculated with the assumed abundances: n H = 0.0002, n He = 0.998, n C = 0.00007 and n N = 0.024. For υ Sgr they obtained the following values of the parameters: T eff = 11800 ± 500 K, E B−V = 0.20 ± 0.05 and d = 1440 pc. Later on, Leushin (2001) has found a much higher T eff = 13500 ± 150 K and log g = 2.0 ± 0.5.
We started with the estimate of the parameters by Dudley & Jeffery (1993) . Forcing the excitation and ionization equilibriae of Fe I, Fe II and Fe III, we ended up with T eff = 12300 ± 200 K and log g = 2.5 ± 0.5. A close coincidence of this effective temperature with that found using the flux distribution is encouraging. Therefore, the model atmosphere t120g250h90 from the Armagh Observatory database set h00he99c001 was hereafter used.
The was assumed.
Abundances
The abundances of other elements were derived with the help of Kurucz's program WIDTH5 together with the Armagh hydrogen-deficient model atmosphere t120g250he90. The sources of oscillator strengths and the abundances are listed in Table 2 . The measured equivalent widths of lines, the used oscillator strength values and the derived abundances are listed in Table 7 . Most of the oscillator strengths were taken from the Kentucky University databank (van Hoof 1999), the SpectroWeb database (Lobel 2010 ) and the NIST Atomic Spectra Database (Ralchenko et al. 2011) .
When hydrogen is not the most abundant element, the usual scale, where the logarithmic abundance of hydrogen is 12.00, is no more convenient. In WIDTH5 the abundances are determined relative to the total number of atoms. In the extremely hydrogen-poor case this is the number of He atoms which in logarithmic scale should be taken 11.54, if one wishes to normalize log Σµ i ε(i) = 12.15 as in the solar case. The low hydrogen abundance and consequently low continuous opacity leads to a large number of lines in the spectra of HdB stars. This in turn makes difficult to find unblended lines for abundance determinations and increases the errors. The errors indicated in Table 2 are due to differing results from different lines.
For illustration of the effect of low continuous opacity, a short portion of red spectrum of υ Sgr, which is relatively mildly blended, is shown in Figure 1 . This region is quite deserted of lines in normal stars.
The abundance of He, checked using 16 He I singlet lines, is 11.54 ± 0.44. The microturbulent velocity derived from He I lines, ξ t = 5.0 ± 0.5 km s −1 , is considerably lower than that derived from Fe II lines. El.
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The abundance of nitrogen is given as a value weigted by the number of the used lines of N II and N I.
The neon abundance is found from 33 Ne I lines. NLTE effects could be considerable for optical Ne I lines, particularly for the temperatures around 20 000 K (Auer & Mihalas 1973) . For lower temperatures of about 12 000 K, as in our case, the NLTE effect does not exceed 0.1 dex (Sigut 1999) . Therefore, we do not confirm a very large Ne I abundance found for υ Sgr by Leushin et al. (1998) .
Sc II lines are broadened by hyperfine structure (HFS) splitting. We checked the scandium abundance by synthesis of its lines using the HFS line lists by Ivans et al. (2006) .
The excess of heavy metals (Y, Zr and Ba) is based on a quite small number of lines.
In Table 3 we compare chemical compositions found here for υ Sgr and those for the another HdB star, KS Per, which we have studied earlier (Kipper & Klochkova 2008) . The abundances in both stars are quite similar, except of iron, which is much more depleted (by 0.6 dex) in KS Per.
Luminosity
An important parameter for understanding the evolutionary status of a star is its luminosity. The early determinations of M V for υ Sgr are quite consistent. First of all, the luminosity classification for A Ia gives M V ≈ −7. But, as pointed out by Danziger et al. (1967) , the spectral type could not be reliable temperature and luminosity indicator when the lines are greatly enhanced by low continuous opacity. Greenstein (1940) has found M V = −7.6 from kinematics of the star. Rao & Venugopal (1985) have analized the interstellar reddening, polarization and interstellar lines of the surrounding stars. They accepted E(B−V ) = 0.12-0.2, and using the correlation of E(B − V ) with V 0 − M V have found M V between -3.9 and -6.2. Adding also the information from interstellar lines, they ended up with Dudley & Jeffery (1993) have found M bol = −7.2±0.2 again, assuming the radius of the primary component of υ Sgr to be 60 R ⊙ , as indicated from the orbital analysis. The bolometric correction in the vicinity of spectral class A0 is BC = −0.5. These estimates depend on the reddening value. We measured the IS components of Na I D 2 line and, using the calibration by Munari & Zvitter (1997) , also found E B−V = 0.12-0.15 from the stronger IS component (Figure 2 ). The IS lines at the same radial velocities −10.3 ± 0.2 and +4.6 ± 0.7 km s −1 were found also for the H and K lines of Ca II (Figure 3 ). υ Sgr has been measured by Hipparcos and according to the New Reduction of the Hipparcos data (van Leeuwen 2007) its parallax is π = 1.83 ± 0.23 mas. With its observed visual magnitude V = 4.58 and E B−V ≈ 0.2, the absolute visual magnitude of υ Sgr should be M V = −4.73 ± 0.30. This value coincides quite well with that by Rao & Venugopal (1985) .
We measured the equivalent widths of O I triplet at 777 nm for all our spec- tra. Full integration including nonidentified minor blends gave EW = 0.46Å for 777.1 nm line and EW = 1.25Å for full triplet. This correponds to M V = −5.73 and M V = −5.95 respectively using the calibration of Arellano Ferro et al. (2003) . These values should be taken with caution as the used calibration is based on the stars with normal chemical composition.
EMISSION LINES
All emission lines found by Greenstein & Merrill (1946) are present in the NARVAL spectrum. Due to somewhat lower resolution not all are visible in the spectra obtained at SAO, but the positions of those, which are visible, coincide with lines in the NARVAL spectra.
Two main types of emission lines were found: (1) the lines of ionized (and a few neutral) metals with low excitation energy of the lower level having P Cygnilike profiles, and (2) the forbidden lines of ionized metals with low upper level excitation potential.
The P Cygni-like lines are listed in Table 4 As Rao & Venugopal (1985) , we found a [N II] line at 6583.92Å which corresponds to about +21 km s −1 redshift for that emission. In our latest spectrum the redshift is +25 km s −1 . Other [N II] lines were not found. Rao & Venugopal (1985) pointed that this nebular line originates from a low density enveleope. The intensity of this feature is quite variable as could be seen inspecting Tables 5  and 6 and Figures 2-6. Tables 4, 5 and 6 correspond to the mean NARVAL spectrum constructed from 15 individual spectra. The mean JD of this spectrum is 2454636.9, and the primary radial velocity is V r ≈ 9 km s −1 . We could not decisively distinguish the expanding shell or rotating disk models from profiles of the forbidden iron and calcium lines. There are additional emission components in Ca II lines with larger velocities reaching ±40 km s −1 . We were able to collect quite a large sample of spectra near the Hα line covering several radial velocity cycles. Most of the spectra were taken from the Be spectra database BeSS (Neiner et al. 2011) . They are plotted in Figures 7-9 together with the cycle numbers and phases calculated with the ephemeris by Koubský et al. (2006) . We could not confirm the results of Koubský et al. and of Hack (1960) concerning the strict phase dependence of the blue absorption component and the stability of the emission component. Also, the overall appearance of the Hα line changes in time. Frame et al. (1995) have found wide stationary emission (between +10 and +500 km s −1 in their Fig. 8 ) which is not present in our compilation. was earlier explained by Nariai (1967) as being formed in a supersonic jet which is generated when the material is transferred to the secondary through the inner Lagrangian point. In our compilation this blue absorption is best visible for phase 159.383 (Figure 8 ). The position and intensity of the Hα absorption changes in rather erratic way. The same applies to the emission component.
CONCLUSIONS
We have determined the atmospheric parameters and the chemical composition of υ Sgr. Our effective temperature, T eff = 12 300 ± 200 K, is quite close to that found from the flux distribution by Dudley & Jeffery (1993) but is considerably lower than the Leushin (2001) result, T eff = 13500 ± 150 K. The surface gravity, log g = 2.5 ± 0.5, is close to the values found earlier. The microturbulent velocity, ξ t , depends on the element whose lines were used for its determination -its values are between 5 and 15 km s −1 . Ionized iron is presented with the greatest number of identified lines (235) A very large overabundance of neon found by Leushin et al. (1998) The found chemical composition corresponds to the material which is primarily CNO processed without indications of triple α processing.
The extremely high luminosity of υ Sgr, M V < −7, is not confirmed. Most probably, the absolute visual magnitude M V is between -4.7 and -5.7 mag, which corresponds to a Ib supergiant.
A large number of permitted and forbidden emission lines of neutral and ionized metals originating from low excitation levels were identified. Radial velocities of the components of P Cygni-like lines show that in the system a rotating accretion disk, proposed by Koubský et al. (2006) emission lines do not contradict this conclusion. The circumbinary dusty disk in the system was found by mid-IR interferometric observations by Netolický et al. (2009) . If that disk is not a circumbinary one and is bound to the primary, the last component is a mass-gaining object, not the losing one as believed (Delgado & Thomas 1981; Shönberner & Drilling 1983) .
A large sample of spectra in the region of the Hα line was compiled. That compilation shows a rather erratic variability of the absorption and emission components of Hα. 
